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Abstract 
The paper attempts to empirically study the relationship between environmental regulation and technology innovation 
in three different regions of China based on data from 1985 to 2008 by using Co-integration and Granger Test.Our 
results show that envirnomental regulation has a positive effect on technology innovation in these regions in the long 
term, but where their Granger causality relationship are different. So, under resource and environmental constraints, 
environmental policies  which are oriented towards technology innovation should be made and enforced based on the 
facts of regional unbalanced economic growth in China. 
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1. Introduction 
The regulation for protecting environment was enforced  with the enhancement of people’s 
environmental awareness since 1970’s. The impact o f environmental regulation on technology innovation 
is hot research topics all the time because technology innovation is one of the important factors of 
economic growth. Most researchers empirically study the impact of environmental regulation on 
technology innovation by constructing regression model and us ing panel data or times-series data, some 
suggest that environmental regulation will stimulate the firms’ technology innovation[1-5], others hold the 
opposite opinions [6-7]. Some weakness of these studies should be realized : (a) the problem of spurious 
regression may appear because most data are nonstationary; (b) the regression methods are assumed 
generally that the relationship of variables exists and then test this relationship ; and (c) current Chinese 
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researchers doesn’t pay attention to the fact that the formulation and enforcement of environmental 
policies may be different in different regions. The above weakness would be offsetted  by our study. 
2. The methods and the variables selection  
2.1. Research methods[9] 
The co-integration analysis and the Granger causality test are adopted in the paper, in order to avoid 
the spurious regression which can be possibly produced in time series. We use Augmented Dickey-Fuller 
test(ADF test) to test whether time series are nonstationary(that is, whether a unit root exists) before the 
co-integration analysis is applied.  
The co-integration of these time series is further tested if these time series are the same order 
integration. Co-integration test identifies whether the long-term stationary relat ionship of these variables 
exists. There have two  ways of co -integration test—Engle-Granger test and Johansen test. the former 
which was developed by Engle and Granger(1987) will be adoped in the paper. One simply runs the OLS 
regression(call the co-integrating regression): 
       ttt yx HED                                                    (1)   
and then tests whether the residuals, te , from this regression are stationary by using the ADF test. if the 
residuals te  are stationary, it means a co-integration of variables exists. 
The Granger causality test for the above series which have co-integration relationship will be 
conducted, the basic idea of this test is that the change of X should be ahead of the change of Y if the 
change of X causes the change of Y, that is, X does Granger cause Y. 
2.2. The variables selection 
In order to compare the impact of environmental regulation on technology innovation in different 
regions, we divide mainland of China into three regions(see table1) according to their economic 
development, Xizang is not our object of study because of its incomplete data. We choose percentage of 
industrial water up to the standards for discharge to measure the strength of environmental regulation of 
each region[8]. the higher percentage of industrial water up to the standards for discharge is, the stricter 
regulation of environment is. The level of technology innovation in some reg ion is measured by invention 
patents granted[1-2], the more invention patents granted gains, the higher the level of technology 
innovation in some region becomes. The data come from China Environment Yearbook 1986 -2007 and 
China Statistical Yearbook 1986-2009. Because natural logarithm doesn’t change the character of data 
and validly reduce or eliminate the heteroscedasticy of data, the natural logarithm of these data is adopted, 
LNR and LNI represent the strength of environmental regulation and the level of technology innovation 
respectively. 
3. The empirical analysis 
3.1. Unit root tests 
ADF test of LNR and LNI are operated respectively to check nonstationarity of series by Eviews6.0. 
The test results of orig inal time series and the first differenced series, which  are shown in table 1, indicate 
that all original time series are non-stationary at the 1% level; all ADF statistic values of first differenced 
series are smaller than 1% Crit ical Value, it means first-differencing yields stationary series . Therefore 
both LNR and LNI, which are first-order integration respectively, may be co-integration relationship.  
574  Lin Minghua and Yang Yongzhong / Energy Procedia 5 (2011) 572–576
Table 1:the results of the ADF test  
Region Including districts Test 
variables 
ADF 
statistic  
Test type 1% Critical 
Value 
Conclusion  
Eastern 
region 
Hebei, Beijing, T ianjin, 
Guangdong, Jiangsu, 
Liaoning, Shandong, 
Shanghai, Zhejiang, 
Fujian and Hainan. 
LNR -3.57 (c,t ,1) -4.42 Non-stationary 
DLNR -7.17 (c,t ,1) -4.44 Stationary 
LNI -1.19 (c,t ,1) -4.42 Non-stationary 
DLNI -4.50 (c,t ,1) -4.44 Stationary 
Central 
region Shanxi, Neimenggu, 
Jilin, Heilongjiang, 
Anhui, Jiangxi, Henan, 
Hubei, Hunan. 
LNR -1.97 (c,0,1) -3.75 Non-stationary 
DLNR -8.57 (c,t ,1) -4.47 Stationary 
LNI -1.82 (c,t ,1) -4.42 Non-stationary 
DLNI -5.77 (c,t ,1) -4.44 Stationary 
Western 
region 
Guangxi,Gansu, 
Guizhou,Shanxi,Qinghai, 
Ningxia, Xinjiang, 
Sichuan, Chongqing, 
Yunnan. 
LNR -2.05 (c,t ,1) -4.42 Non-stationary 
DLNR -4.82 (c,t ,1) -4.44 Stationary 
LNI -1.12 (c,t ,1) -4.42 Non-stationary 
DLNI -3.78 (c,0,1) -3.77 Stationary 
Note˖(1) D represents first difference; (2) c, t  and 1 represent intercept, trend and lag length respectively. 
3.2.  Co-integration tests 
Unit root tests show that these two time series in three regions are integration of order one respectively, 
so we choose Engle-Granger test to test co-integration of LNR and LNI in three regions respectively to 
testify whether they are long-term stationary relation. 
Table 2: the result of co-integrating regression                                          Table 3: the ADF test of residuals 
 Eastern region  Central region  Westernregion   
Region  ADF statistic Test  type Conclusion variable LNI LNI LNI  
LNR 4.121721 (9.303608) 
2.490045 
(11.50071) 
2.789154 
(10.89569) 
 Eastern 
region 
 
Central 
region 
 
Western 
region 
-1.86 
 
 
-3.11 
 
 
-1.99 
(0,0,1) 
 
 
(0,0,1) 
 
 
(0,0,1) 
Stationary஄G
 
 
Stationary 
 
 
Stationary 
intercept -8.177190 
(-4.353751) 
-1.925944 
(-2.176387) 
-3.451060 
(-3.354563) 
 
R2 0.797 0.857 0.844  
adj-R2 0.788 0.851 0.837  
DW 0.79 1.12 0.67  
Note˖The number in brackets is t -statistic in table.                                      Note:G஄ represents stationary at the 10 percent level. 
We next  run a co-integrating regression of LNI against LNR. The results which are seen in table 2 
mean  that Goodness-of-fit of three models are  very good and the t test of regression coefficient can be 
passed at the 5 percent level. Then we use the ADF test to test whether the residuals from these regression 
are nonstationary respectively, the results of the ADF test on these residuals are shown in table 3, and it 
shows that these residuals are stationary series at the 10 percent level, so the first-order cointegration 
relationship of LNR and LNI exists. This reveals that both environmental regulat ion and technology 
innovation in three regions have stationary positive relationship in the long term. 
3.3. Granger Causality Tests 
Now we know long-term stationary relationship between LNR and LNI exists, but their causality 
relationship need be testified by Granger causality test.When Granger causality test is done, lag length 
Lin Minghua and Yang Yongzhong / Energy Procedia 5 (2011) 572–576 575
acutely affects the direction of causality. So lag length is chosen by Akaike informat ion criterion(AIC). 
The results of Granger causality test, which can be seen in table 4, reveal some facts: the causality 
relationship between technology innovation and environmental regulation doesn’t exist in eastern region; 
the mutual causal relation between environmental regulation and technology innovation is existed in 
central region; technology innovation does not Granger cause environmental regulation whereas 
environmental regulation does Granger cause technology innovation in the western region. 
Table 4: the result of Granger causality test  
Region  Test variables Null Hypothesis Lag length F-value P-value conclusion 
Eastern 
region 
LNI 
LNR 
LNI does not Granger Cause LINR 1 2.208 0.153 Accept  
LNR does not Granger Cause LNI 1 3.094 0.094 Accept  
Central 
region 
LNI 
LNR 
LNI does not Granger Cause LINR 1 5.401 0.031 Refuse   
LNR does not Granger Cause LNI 1 6.205 0.022 Refuse  
Western 
region 
LNI 
LNR 
LNI does not Granger Cause LINR 2 0.803 0.464 Accept  
LNR does not Granger Cause LNI 1 6.714 0.018 Refuse  
Note: the null hypothesis is accepted if p-value is larger than 0.05 at the 5 percent level, or else the null hypothesis is refused. 
4. Discussion  
The eastern region˖environmental regulation does not Granger cause technology innovation and the 
latter does not Granger cause the former too. It means that stricter environmental policies might not 
stimulate the enterprises’ technology innovation in this region, the power of innovation may be greatly 
affected by other factors, such as fierce market competition, an  increase of the awareness of intellectual 
property protection, the adjustment pace of industry structure and so on. According to the policies of 
China economic development, the current main goals of governments in eastern region are that speeding 
up the adjustment of industry structure , promoting industry structure upgrade, and eliminating industries 
which have characters of high input, high consumption, high pollut ion ,low-level technology and low 
efficiency. In order to achieve these goals, the local governments mainly  enforce a series of industry 
policies, and this will fu rther affect environmental policies. So, the level of technology innovation is not 
factor which influences environmental policies, at least which is not main factor.  
The central region: the Granger causality relat ionship between environmental regulation and 
technology innovation exists. The reasons are as follows. Because succeeding the industry transfer of 
eastern region has better location advantage and there has suitable economic base , and more and more 
people have been paying attention to the problem of environmental degradation simultaneously, the  local 
governments might have screened enterprises by enforcing stricter environmental policies, the level of 
technology will be p romoted. Incumbent firms will be compelled to substitute ‘green’ technology for 
‘grey’ technology because of industry transfer pressure, and potential incomers have power of enhancing 
technology level because the central region have better advantages of traffic transportation and location 
and so on, compared with the western region. So, stricter environmental regulations might be  enforced. 
The western region: environmental regulation exists unidirectional Granger causality relationship on 
technology innovation, that is, envirnomental regulat ion does Granger cause technology innovation but 
the latter does not Granger cause the former. The reasons are as follows. Although the western region is 
undeveloped areas, when China have carried out the strategy for western development, environmental 
protection and ecosystem construction must be strengthened, and the model of ‘pollution first,  treatment 
later’ should be avoided. This make local governments not to release environmental regulat ions while 
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they promote local economic growth. Additionally, incumbent firms also meet the pressure of industry 
transfer. So  the rational enterprises will increase their technology level to some degree. However, local 
rational governments may enforce suitable but not much stricter environmental regulations in the process 
of games between local governments and other interest groups in order to promote local economic growth. 
So, the increase of technology innovation level may not lead to stricter environmental regulaion in  
western region. 
5. Concluding remarks 
This paper empirically studies the relationship between environmental regulat ion of three regions and 
their technology innovation based on China time-series data from 1985 to 2008. The rusults  are shown as 
following: in the long term, there exists stationary positive relationship in  three reg ions; but Granger 
causality relationship between environmental regulation and technology innovation are different in these 
regions. Some notices are addressed: First, more and more stricter environmental regulat ion will be 
enforced with the development of technology in the long term; Second, enforcing environmental policie s 
should pay attention to the fact of imbalance in China reg ional economy development; Third, that how far 
can environmental regulation promote the increase of technology innovation depends on games of all 
interest groups. So, under resources and environmental constraints and the facts of China regional 
unbalanced economic growth, it is more important to construct suitable system of environmental 
regulations which are oriented towards technology innovation. 
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